Abstract It has been well established that working memory abilities decrease with advancing age; however, the specific time point in the adult life span at which this deficit begins and the rate at which it advances are still controversial. There is no agreement on whether working memory declines equally for visuospatial and verbal information, and the literature disagrees on how task difficulty may influence this decay. We addressed these questions in a lifespan sample of 1,500 participants between 21 and 80 years old. The n-back task was used, with letters and circles presented at different positions around an imaginary circle, to evaluate working memory in the verbal and visuospatial domains, respectively. The participants' task was to judge whether the current stimulus matched a stimulus that was shown n trials prior. Both domains were evaluated in two levels of difficulty: 1-back and 2-back. The comparison across decades showed that discrimination in the visuospatial and 1-back tasks started to decline earlier in women than in men; however, discrimination was equal between the sexes in the verbal and 2-back tasks. Performance on tasks in the visuospatial domain exhibited more pronounced decline than in those in the verbal domain. The rate of decline in working memory accuracy was superior in 2-back tasks than in 1-back tasks, independent of the domain. These results revealed that the effects of aging on working memory are less dependent on the type of information and more reliant on the resources demanded by the task.
Introduction
Working memory is defined as the ability to temporarily maintain information to actively process it in order to achieve specific goals. Complex cognitive tasks, such as language comprehension, reasoning or arithmetic calculations, depend on this memory system, and thus, its integrity is essential for everyday living. Numerous studies comparing the extremes of age groups have reported that working memory performance in older adults significantly differs from that in young adults (for a meta-analysis, see Bopp and Verhaeghen 2005) . However, few studies have attempted to establish when working memory begins to decline during adulthood. Dobbs and Rule (1989) addressed this question in a lifespan sample of 228 adults between 30 and 99 years of age and found that working memory significantly declined after 60 years of age. In this study, working memory was measured by a task that required the determination of the specific digit located in lag 0, 1 or 2 from a list of random digits read to the participant. Conversely, Park et al. (2002) observed that this type of memory declined uniformly after 20 years of age, utilizing a lifespan sample of 345 adults between 20 and 92 years of age. In this study, working memory was measured through four span tasks that simultaneously combined processing and storing demands. For example, one of the visuospatial span tasks required participants to draw in a sheet grid the position and orientation of lines that were presented during sets of increasing numbers of trials in which participants had to judge whether three irregular shapes were equal. Although age-related effects on working memory have been described (Borella et al. 2008; Hale et al. 2011; Salthouse 1992 Salthouse , 1995 Salthouse and Babcock 1991) , the specific moment when this type of working memory began to decline has not been reported.
The markedly different ages at which working memory began to decline in these previous studies may be explained by the divergent methods used to measure this type of memory. In fact, the different procedures used to measure working memory have not been proven to examine the same components from this system. The span tasks used by Park et al. (2002) evaluated the two main functions outlined by Baddeley and Hitch (1974) to describe the working memory system, storing and processing; however, the lag task used by Dobbs and Rules (1989) included storage, binding each item to a specific temporal order, and retrieval, but processing was not required. The lag and span tasks may also be conceived as simple and complex span tasks, respectively. The simple span tasks measure mainly storage, whereas the complex span tasks evaluate cognitive control functions that coordinate storage and processing simultaneously (Hale et al 2011; Unsworth et al 2009) . Although both tasks entail interference control, the span tasks most likely challenged this mechanism significantly more than the lag task, as the processing requirements were unrelated to the storage demands. The span tasks mimic the realistic everyday situations in which information must be kept in mind while undertaking other unrelated tasks. Therefore, the span tasks may not be conceived as pure working memory tasks but as double tasks that challenge our ability to successfully divide our attention. Indeed, for this reason, this task has been extensively used to investigate interference control mechanisms, such as inhibition (e.g., Robert et al. 2009 ).
The existing empirical evidence is still insufficient to determine when and how working memory declines across adulthood. Therefore, the aim of the present study was to determine the specific time point in the adult lifespan when visuospatial and verbal working memory begin to decline and to establish the rate at which this descent occurs. To accomplish these goals, we examined working memory by means of the widely used n-back task. This procedure, introduced by Kirchner (1958) , requires participants to judge whether the current item is equal or not equal to the one presented n trials before. The task involves storage, binding each item to its temporal order, retrieval, updating the item and its temporal order, monitoring and interference control from items that do not correspond to the specific lag under evaluation. Thus, this task examines several of the characteristics that have been used to describe the working memory system. Moreover, updating tasks, such as the n-back procedure, are moderately (r=0.55) (Shamosh et al. 2008) to highly correlated (r=0.96) (Schmiedek et al. 2009 ) with span tasks, and both types of tasks successfully predict reasoning abilities (Schmiedek et al. 2009 ). Nevertheless, see Kane et al. (2007) for contradicting results. Additionally, the construct validity of updating working memory tasks demonstrated that this type of procedure is a reliable indicator of working memory (Oberauer et al. 2000) . Furthermore, according to Schmiedek et al. (2009) , the complex span and updating tasks measure working memory with equal efficiency and use the same working memory mechanisms of building, maintaining and updating bindings.
However, a shortcoming of the n-back task is that it is highly vulnerable to lures, i.e., items that are identical to the target item but that do not mach the lag under evaluation. Lures at a lag smaller than the one under evaluation produced higher intrusion costs in reaction times in older adults compared to young adults (Oberauer 2005) . Because several studies have reported that interference control mechanisms are less efficient in older adults (e.g., Cansino et al. 2011; De Beni and Palladino 2004) , we created sequences of stimuli for the n-back task without lures. Therefore, working memory was measured without the need for additional interference control mechanisms that could overestimate the working memory decline across adulthood, as these mechanisms are more challenging for older adults.
A second aim of the present study was to examine whether both verbal and visuospatial working memory decline equally across the adult lifespan. Although some authors (Park et al. 2002; Borella et al. 2008) observed that the working memory for both types of material decreased equally across the adult lifespan, results have been controversial in studies that have compared age groups at both extremes. Age-related effects were observed to be greater for visuospatial than for verbal working memory in some studies (e.g., Bopp and Verhaeghen 2007; Fiore et al. 2012; Myerson et al. 1999 ), but the opposite was found in another study (Vecchi et al. 2005) . These contradictory results may be due to the difficulty in equating the tasks for both domains, especially when diverse processing demands are also required, such as in span tasks. According to the model by Baddeley and Hitch (1974) , the visuospatial sketch and phonological loop slave systems are responsible for the storage and rehearsal of the information from their specific domain, but they are not responsible for the processing or manipulation of this information, which directly depends on the central executive. We attempted to measure visuospatial and verbal working memory under equivalent conditions to determine whether working memory declines equally for both slave systems. An equal decline in working memory for both systems may be evidence that the domaingeneral central executive functions are diminished across the adult lifespan, independent of the specific domain that is under evaluation. However, an alternative explanation could be that an equal decline in the two domain-specific stores occurs that is independent of the central executive decline or a decline in only one domain-general store with age. By contrast, if working memory deteriorates unevenly for visuospatial and verbal information, the effects of aging on working memory will prove to be domain-specific.
The third purpose of the study was to examine the effects of task difficulty on working memory performance across the adult lifespan. The only study (Dobbs and Rule 1989) that has evaluated this issue in a lifespan sample found that working memory declined as the lag of the reported digit increased from 0 to 2, but as previously mentioned, significant differences across age groups were found after 60 years of age. The comparison of age groups at both extremes have provided substantial evidence that supports the fact that older adults are less efficient in performing working memory tasks than young adults when memory load increases (e.g., Lustig et al. 2001; De Beni and Palladino 2004) . The n-back task is particularly suitable for evaluating the effects of task difficulty on working memory because all of the processes involved in the task increase uniformly as the lag increases. In the present study, we examined verbal and visuospatial working memory at two levels of difficulty: 1-back and 2-back. By examining working memory at two levels of difficulty, we could investigate whether performance on more difficult tasks decreases as a function of age at a faster rate than performance on less difficult tasks.
These two levels were chosen because some authors (Daffner et al. 2011; Missonnier et al. 2004) have found an equivalent performance in young and older adults with the 1-back task but others have observed differences in accuracy but not d-prime values (Schulze et al. 2011) ; additionally, age differences in the 2-back task have been consistent (e.g., Daffner et al. 2011 ). Clarification of whether there is actually a decrease in working memory performance when the task demand is low is essential, as some authors, by means of functional magnetic resonance imaging (fMRI) (Mattay et al. 2006; Schulze et al. 2011) , have reported a larger activation in the prefrontal cortex of older adults relative to young adults when performing the 1-back task, despite equivalent behavioral performance. These results have suggested that older adults make use of compensatory mechanisms to maintain their working memory performance at the same level as young adults. However, the comparison of relatively small extreme age groups may not provide data sensitive enough to clearly detect whether aging produces an effect in less-demanding working memory tasks. By testing a large lifespan sample, we were able to reliably determine the slope of working memory decline for both low-and high-demand tasks.
The final question we addressed is whether the efficiency of working memory differs between the sexes across the adult lifespan. To date, there is no agreement among studies. Exclusively considering data obtained with n-back tasks, Li et al. (2010) found no accuracy or speed differences between genders in a verbal version of the n-back task using letters as stimuli. However, a neurophysiological difference was measured by functional near infra-red spectroscopy (fNIRS): women displayed less diffuse activation at the prefrontal cortex than men. This finding was interpreted as evidence that women have a more efficient hemodynamic response. Also in the verbal domain (using letters and digits as stimuli), Speck et al. (2000) observed with fMRI that men had a bilateral or right-lateralized activation at the prefrontal and parietal cortices, whereas this activation was left-lateralized in women. Contrary to the results of the study by Li et al., women outperformed men in both tasks in this study, even in the more difficult version (2-back). In contrast, when testing with letters (Schmidt et al. 2009 ), words and faces (Haut and Barch 2006) , neither behavioral nor functional activation (with fMRI) differences were observed between the sexes. In the visuospatial domain, one study (Lejbak et al. 2011) observed that men outperformed women in the n-back task. This finding agrees with several studies that have reported that men are superior to women in diverse visuospatial tasks (for meta-analytic studies see Masters and Sanders 1993; Voyer et al. 1995) . Sex differences in these studies were only examined in young adults; thus, the possibility of a steadier pattern of working memory across adulthood remains unexplored with the n-back task.
The effects of aging, sex, domain and difficulty on working memory efficiency were separately described above because, to date, no study has examined all of these aspects together across the adult lifetime. However, in the present study, all of these factors were simultaneously examined to elucidate how they affect working memory performance across the healthy adult lifespan, both independently and in interaction. Moreover, we examined the effects of these factors on reaction time responses, a variable that has not been previously assessed for working memory across adulthood.
Methods

Participants
A sample of 1,500 individuals between 21 and 80 years of age participated in the study. From each decade included in the age range, 250 individuals participated (half of them were women). Participants were recruited over a period of 6 and a half years through appeals to community groups, advertisements, flyers and word of mouth. All participants signed an informed consent and received a financial payment as compensation for their participation in the study. The study was approved by the Bioethics Committee of the School of Medicine at the National Autonomous University of Mexico. For inclusion in the study, participants must not have been addicted to drugs or alcohol; not have taken any medication that alters the nervous system for the previous 6 months; not have neurological or psychiatric diseases; not have suffered head trauma; have at least 8 years of education; have normal or corrected-to-normal vision; and have obtained a score ≤20 on the Beck Depression Inventory (BDI) (Beck 1987) , a score ≥24 on the Mini-Mental State Exam (MMSE) (Folstein et al. 1975) , and a score≥26 on the vocabulary subtest of the Wechsler Adult Intelligence Scale-Revised (WAIS-R) (Wechsler 1981) . These psychological tests were administered to ensure that participants were not suffering from depression, dementia, or intellectual difficulties, respectively. Table 1 shows participants' characteristics and the scores that they obtained in the tests. Table 2 displays the results of the analyses of variance (ANOVA) that were conducted to examine the participants' education level and performance on the neuropsychological tests. The ANOVAs included the factors of decade (six total) and sex. The analysis on the normalized scores of the vocabulary test (WAIS-R) was not significant. The factor of decade and the interaction between decade and sex turned out to be significant for the analysis conducted on the MMSE scores. According to pairwise comparisons, sex differences were observed only in the last decade, in which women performed higher than men (p=0.001) ( Table 1 ). In addition, women in their second decade performed better than those ≥41 years of age (p≤0.005), women in their third decade outperformed those ≥51 years of age (p<0.001), and women in their fourth decade outperformed those ≥61 years of age (p<0.03). Men in their second decade had higher scores that those from all other decades (p≤0.01), men in their third (p ≤ 0.005) and fourth (p < 0.02) decades outperformed those ≥61 years of age, and men in their fifth (p < 0.001) and sixth (p < 0.001) decades outperformed those in the last decade. The ANOVA conducted on BDI scores was significant for the factors of decade and sex. Women (7.08±0.18) had higher scores than men (5.95±0.18), and Tukey tests revealed that individuals in the last decade (7.87±0.31) had higher scores than those in their second (6.14±0.31), third (5.97±0.31), fourth (6.58±0.31), fifth (5.90±0.31) and sixth (6.60±0.31) decades.
Stimuli
For the verbal version of the n-back task, we used 12 uppercase letters (B, F, G, K, L, N, P, Q, R, S, T and X) with a vertical visual angle of 1.5°and a horizontal visual angle of approximately 1°. The letters were presented at the center of a white screen in a dark gray color to maintain a low contrast. Conversely, for the visuospatial n-back task, a dark gray circle with a diameter visual angle of 1.5°was used. The circle was displayed in one of 12 possible positions around the center of the screen, as in an imaginary clock. The distance between the circle and the center of the screen was 4°. A black cross (vertical and horizontal visual angles of 0.5°) was continuously displayed at the center of the screen, which was white in color. The letters and positions for the verbal and visuospatial tasks, respectively, were selected randomly and with the same probability.
Procedure
Each participant attended two sessions. Prior to being invited to attend the first session, prescreening questions were asked to the potential participants to elucidate whether they fulfilled the inclusion criteria. The first session was conducted in a silent room in which only the participant and experimenter were present. In this session, the participants were interviewed to further determine if they satisfied the inclusion criteria. Then, participants performed the psychological tests, and their vision was tested. Participants that were suitable for the study were requested to provide their informed consent. Afterward, the participants were further interviewed about their health and other aspects of their lifestyle. The second session took place in a sound-dampened chamber, approximately 1 week after the first session. In this session, participants performed the working memory tasks and a source memory task (data published by Cansino et al. 2012) . Participants performed the tasks while seated in a high-back armchair located 100 cm away from the monitor screen. Participants responded by utilizing two keys that were set horizontally on a response panel, which was located on a left or right platform placed on the arm of the chair at a comfortable distance, according to the participants' handedness. Participants performed the verbal and visuospatial n-back tasks in counterbalanced order, and within each domain, the two levels of difficulty (1-back and 2-back) were also counterbalanced across participants. Prior to performing each of the four n-back tasks, participants carried out brief versions of each task as training. The tasks were conducted with the software E-Prime v1.0 from Psychological Software Tools (Pittsburgh, PA, USA).
Working memory paradigm
Each trial from both the verbal and visuospatial n-back tasks started with the presentation of the stimulus (letter or circle) for 300 ms, followed by a period of 2,700 ms. After this time, the next stimulus was displayed. Participants were allowed to provide their response during the 3,000-ms period following the onset of the stimulus. In the verbal 1-back task, participants were requested to indicate whether the current letter was equal or not equal to the one presented in the last trial; in the 2-back task, participants were instructed to judge if the present letter was equal or not equal to the one displayed two trials prior. In the visuospatial version, participants were required to indicate whether the current circle was presented in the same position as the one displayed in the last trial (1-back) or two trials before (2-back). Participants performed 72 trials from each of the four tasks, from which 33 % of the trials were target (letters or positions equal to the one of the current trial, according to the level of difficulty). Data from the first trial and from the two first trials of the 1-back and 2-back tasks, respectively, were excluded from the analysis because a target did not occur in these trials. The ability of each participant to separate a signal from noise was determined for each task using d-prime values. The d-prime values were selected for analyses because they provide an accurate estimation of the participants' discrimination level, independent of the criterion for completing the task. In contrast, correct response analysis may overestimate working memory performance because the number of correct responses does not discriminate between misses and false alarms, and thus, a proportion of these responses may be attributable to lucky guesses. The mean reaction times for correct responses in each working memory task were logarithmically transformed to test for age differences under proportional measurements (Oberauer 2001) . Reaction times and d-prime values were examined in two independent mixed-model analyses of covariance (ANCOVAs) with decade (six total) and sex as between factors, and domain (verbal and visuospatial) and difficulty (1-back and 2-back) as within factors, using years of education as a covariant. The data were stratified in decades for these analyses to establish the exact decade in adulthood in which each of the dependent variables begins to decline. Pairwise comparisons were adjusted for multiple comparisons with a Sidak test, and significant interactions were followed up by Tukey tests. Multiple regression analyses were also conducted on the d-prime values and reaction times from each n-back task to statistically control for the significant differences observed in the background variables across decades and between the sexes and to estimate their effects on each of the dependent variables. Because the MMSE and BDI scores correspond to ordinal measurements, they were first quantified to create interval scale scores using optimal scaling techniques (Meulman 2000) . Hierarchical multiple regression analyses were computed for each variable: in the first step, years of education, MMSE-quantified scores and BDI-quantified scores were included, followed by a second step with sex and a third step with years of age. The scores from the vocabulary subtest were not included in these analyses because this background variable was not significantly different across decades or sexes. In addition, the data from each dependent variable were modeled as a function of age using linear, quadratic, and cubic regressions.
The best model among the three was determined by Akaike's information criterion (AIC) (Akaike 1974) . Although the analyses were conducted on transformed variables, the reaction times are also presented in milliseconds for the sake of clarity. The significance level was set at p<0.05.
Results
The results of the ANCOVA performed on d-prime values are presented in Table 3 . The analysis on these values revealed that the two-way interactions between domain and sex, difficulty and decade, difficulty and sex, and domain and difficulty were significant. Additionally, the three interactions between domain, decade and sex, and between difficulty, decade, and sex turned out to be significant after controlling for years of education. Post hoc Tukey tests revealed that, for both sexes, discrimination was superior in the verbal (expressed as adjusted means, women: 2.75±0.02; men: 2.86±0.02) relative to the visuospatial (women: 2.31±0.02; men: 2.55±0.02) domain. In addition, in all decades, performance was superior in the 1-back tests compared to the 2-back tasks (Fig. 1) . In the 1-back tasks, individuals in their second decade outperformed those ≥51 years of age, those in their third decade were superior to those ≥61 years of age, and those in their fourth decade were superior to those in their seventh decade. In the 2-back tasks, d-prime values differed significantly among the three first decades, between individuals from the fourth decade and those ≥61 years of age, and between those from the fifth and seventh decades. Post hoc analyses also revealed that men (2.11± 0.02) outperformed women (1.83±0.02) in 2-back tasks and that both sexes were superior in 1-back tasks (women: 3.24±0.02; men: 3.30±0.02) relative to 2-back tasks. Furthermore, discrimination was superior in tasks from the verbal domain (1-back: 3.42±0.01; 2-back: 2.19±0.02) compared to that in tasks from the visuospatial domain (1-back: 3.12±0.02; 2-back: 1.75± 0.02). Lastly, in both domains, d-prime values were superior in the 1-back tasks compared to the 2-back tasks.
The results of the Tukey tests performed to identify significant three-way interactions among the d-prime values are graphically depicted in Fig. 2 . Tukey tests showed that the interaction between domain, decade and sex was because, relative to women, discrimination was superior only for men in their fourth decade in tasks from the verbal domain (Fig. 1) ; however, in tasks from the visuospatial domain, this superiority was observed in the fourth, fifth and sixth decades. In all decades, d-prime values in the verbal tasks were higher than in the visuospatial tasks for both sexes. Additionally, discrimination in the visuospatial domain diminished unevenly between sexes. The first significant decline in d-prime values occurred in the third decade in women and in the fourth decade in men. For tasks in the verbal domain, d-prime values diminished significantly for both sexes between the second decade of live and after 31 years of age.
The Tukey tests that were conducted to elucidate the interaction between difficulty, decade and sex showed that, relative to women, the d-prime values for the 2-back tasks were higher in men from the second, fourth and fifth decades (Fig. 1) . Additionally, d-prime values were superior in all 1-back tasks compared to 2-back tasks for both sexes from all decades. In the 1-back tasks, d-prime values diminished differently with age for each sex. In women, the first significant decline was between the second decade of life and after 41 years of age. In men, these values decreased significantly between the second decade of life and after 71 years of age. In the 2-back tasks, men and women in their second decade exhibited higher d-prime values than individuals ≥31 years of age. Results of the ANCOVAs that were conducted on log-transformed reaction times during correct responses are presented in Table 3 . The two-way interactions between domain and sex and between difficulty and decade were significant after controlling for years of education. Post hoc Tukey tests showed that women (visuospatial: 1,130±6.5; verbal: 1,028±6.4) had longer reaction times than men (visuospatial: 1,037±6.5; verbal: 972±6.4) in tasks from both domains. Likewise, both sexes were faster in tasks from the verbal domain than in those from the visuospatial domain. In all decades, reaction times were faster in the 1-back tasks than in the 2-back tasks (Fig. 2) . Additionally, in the 1-back tasks, reaction times significantly increased between individuals in their second decade and those ≥31 years of age, between participants in their third decade and those ≥61 years of age, and between individuals in their fourth and fifth decades and those ≥71 years of age. However, in the 2-back tasks, reaction times were faster for individuals in their second decade than those ≥31 years of age and for participants in their third decade than those ≥51 years of age. Fig. 1 Lifespan measures of d-prime values and reaction times in the working memory tasks of both domains (visuospatial and verbal) and levels of difficulty (1-back and 2-back) for each sex, adjusted for years of education. Error bars represent standard errors Fig. 2 Representation of the significant interactions between domain, decade and sex effects (left) and between difficulty, decade and sex (right) effects on d-prime values, determined by the Tukey test. The numbers correspond to the age range of each decade. The lines indicate differences between sexes, domains, difficulties and decades. For all significant differences between the sexes, men had higher levels of discrimination than women. Additionally, performance was superior in all verbal and 1-back tasks relative to visuospatial and 2-back tasks, respectively
The results from the multiple regression analyses that were conducted on d-prime values are presented in Table 4 . The performance in all four tasks was explained by background variables that included years of education, MMSE and BDI scores between R 2 =0.04 and R 2 =0.11, according to the results from the first step of the model. The outcomes of the second step of the model revealed that sex exerts a significant effect in both visuospatial tasks (1-back and 2-back), but in the verbal domain, sex only influenced performance in the high-difficulty task. The proportion of variance explained by sex was between R 2 =0.01 and R 2 =0.03 in these three tasks. The results from the third step of the model showed that, for the visuospatial and Step 1
Step 2 Step 3 verbal tasks, age influenced performance in the lowdifficulty tasks by R 2 =0.06 and R 2 =0.07, respectively, and in the high-difficulty tasks by R 2 =0.14 in both tasks. The rate of working memory decline per year, indicated by the slope (b-value) of the fitted line that was predicted by age, i.e., the d-prime values, was similar in both domains, regardless of whether the task was difficult or easy; the decreases were −0.02 and −0.01 per year for the 2-back and 1-back tasks, respectively. The slopes of the regression lines were not significantly different between domains when the difficulty was low (F(1,1,498 )=0.01, p=0.91, η p 2 <0.01) or when it was high (F(1,1,498)= 0.18, p = 0.67, η p 2 < 0.01). In both the visuospatial (F(1,1,498 )=99.85, p<0.001, η p 2 =0.06) and the verbal (F(1,1,498 )=103.13, p<0.001, η p 2 =0.06) domains, the slopes of the regression lines were significantly different for the 1-back and 2-back tasks.
The proportion of variance explained by the background variables (years of education, MMSE and BDI scores) for log-transformed reaction times in all four working memory tasks was between R 2 =0.01 and R 2 = 0.05 (Table 5 ). According to the results from the second step of the model, the proportion of variance explained by sex was less (~R 2 =0.02) for reaction times in the verbal domain than for those in the visuospatial domain (between R 2 =0.04 and R 2 =0.05). When age was included in the third step of the model, the effects of all background variables were not found to be any more significant, except for reaction times in the verbal 1-back task, in which MMSE and BDI were still slightly significant. The proportion of variance explained by age for reaction times in all four tasks was between R 2 =0.06 and R 2 = 0.12. The slope of the fitted line that was predicted by age corresponds to an increase in reaction times of 0.3 ms per year in the verbal 1-back task and 0.4 ms per year in the rest of the tasks. The slopes of the regression lines were significantly different between the domains in the 1-back tasks (F(1,1,498 )=7.30, p=0.007, η p 2 =0.01) but not in the 2-back tasks (F(1,1,498 )=1.91, p=0.17, η p 2 <0.01). The slopes of the regression lines were significantly different between the low-difficulty and high-difficulty tasks in the visuospatial domain (F(1,1,498 )=20.56, p <0.001, η p 2 = 0.01) but not in the verbal domain (F(1,1,498 )=0.91, p<0.34, η p 2 <0.01).
Curve estimation
The results of the linear, quadratic, and cubic regressions are shown in Table 6 . The fit curves are presented in Fig. 3 for d-prime values and in Fig. 4 for reaction times.
The best-fit model was determined by the AIC model selection procedure. All variables were best modeled with quadratic regression, except for the d-prime values in the verbal 1-back task, which were best modeled by a linear fitting. Note that these analyses are based only on age effects, without the control of the possible influence of the background variables.
Discussion
Difficulty and domain independently influenced working memory decline across the adult lifespan, as these two factors did not interact together with decade. Notably, sex separately interacted with each of these factors and with decade, indicating that it has an effect on working memory decline. This effect was shown to be completely absent in other types of memory, such as episodic memory (Cansino et al. 2012) . Although the comparison across decades revealed that the age at which significant declines in working memory occurred was dependent on the domain, the difficulty of the task, and the sex of the individual, the regression analyses demonstrated that discrimination declined across all of the adult life span, indicating that there is not a specific time point in adulthood when working memory starts to decline. However, the rate at which this continuous working memory decay occurred was twice as fast in the high-difficultly tasks than in the low-difficultly tasks, an observation that is independent of the task domain. Below, we discuss the effects of domain and difficulty on discrimination across the adult life span, and then we discuss the effects of age on discrimination and reaction times for each domain and level of difficulty.
Domain
The decrease in working memory across the adult lifespan was influenced by the specific domain that was under evaluation. In the visuospatial domain, the first significant decline in d-prime values occurred in women after 31 years of age and in men after 41 years of age. However, in the verbal domain, the d-prime values decreased significantly in both sexes after 31 years of age. Thus, men's discrimination in tasks in the visuospatial domain started to decay at a more advanced age than in tasks in the verbal domain. After this initial working memory decline, discrimination in tasks from the visuospatial domain displayed a more pronounced decay with advancing age tan those from the verbal domain. Some previous studies have observed performance differences between domains in both sexes (e.g., Bopp and Verhaeghen 2007; Fiore et al. 2012; Myerson et al. 1999) , while others have not (Park et al. 2002; Borella et al. 2008) . Importantly, this uneven decline between domains was observed only when the number of years of education was introduced as a covariant to control for its possible effects on the dependent variables. However, when the effects of the background variables and sex were controlled through multiple regression models, the proportion of variance for Table 5 Results of the multiple regression analyses conducted on log-transformed reaction times
Step 1
Step 2 Step 3 The negative values of sex indicate that men were faster than women *p<0.05, **p<0.01, ***p<0.001 discrimination that was explained by age was identical in both domains (see below). The dissimilar decline observed in the discrimination pattern for each domain indicates that the slave systems are unevenly affected by age, particularly domain-specific storage and rehearsal processes.
Moreover, d-prime values in the visuospatial domain were generally lower than those in the verbal domain for both sexes across all decades. The fact that processing visuospatial information was more difficult, even for young adults, may explain why the visuospatial sketch was more greatly affected by age. Although the processing demands required from the central executive were equivalent for both domains, the results revealed a remarkable disadvantage for manipulating visuospatial information. Moreover, this drawback could not be attributed to the use of inefficient strategies, such as using a verbal code to remember the positions, because the difference in reaction times between verbal and visuospatial tasks was too short to perform this extra coding process (102 ms in women and 65 ms in men). Additionally, the stimuli were applied in both domains for a short period of time (300 ms) to prevent participants from verbally encoding the stimuli in the visuospatial tasks. One possible explanation could be that individuals are continuously exposed to verbal information, such as letters, and therefore, rehearsal abilities are more developed for this type of information. Conversely, retaining positions may have been an extremely novel mental activity, in which strategies were not fully developed enough to be implemented accurately. Discrimination in the two domains was more greatly affected by age in women than in men. However, this vulnerability should not be misinterpreted as a tendency for women to perform less efficiently than men in working memory tasks, as differences between sexes in d-prime values are not generalized but specific. Between 41 and 70 years of age, men outperformed women in visuospatial tasks, and between 41 and 50 years of age, they outperformed women in verbal tasks. The absence of observed differences between the sexes in both domains in the two first decades is in agreement with the outcome reported by Robert and Savoie (2006) . When those authors examined whether performance in the verbal and visuospatial domains was different between the sexes, in a sample of one hundred young adults using a wide variety of working memory tasks, they found that accuracy was equivalent. In the present study, the clear disadvantages in both domains observed in women in their fourth decade coincide with the mean age of menopause, which has been identified to be between 43.8 and 53 years of age in Latin American women (Palacios et al. 2010) . Of the several symptoms that perimenopausal women experience, working memory difficulties are particularly significant (Weber et al. 2012) . The change of steroid hormone levels during menopause (Korenman et al. 1978; Longcope et al. 1986) , particularly the decline of estrogens, has been linked to the cognitive difficulties that women experience during this transitional period (e.g., Weber and Mapstone 2009) .
The superior performance of men between 41 and 70 years of age relative to women in tasks from the visuospatial domain was not compared in previous studies because this particular age range has not been previously examined. Moreover, the late onset of these sex differences that was observed in the current study cannot be attributed to a different visuospatial memory decline across these decades because both sexes showed exactly the same pattern. In young adults, diverse tasks have been used to investigate differences in visuospatial working memory between genders (e.g., Vecchi and Girelli 1998; Kaufman 2007) ; however, the n-back task is rarely used (Lejbak et al. 2011) . In agreement with the findings of the present study, Lejbak et al. (2011) found that men were superior to women in a spatial 2-back task, although a different age range (17-28 years) was used in that study.
One possible explanation might be the fact that each sex follows a different decline of steroid hormones across the adult lifespan. Testosterone is particularly important in visuospatial working memory, as it has been observed that in women, high levels of androgens are associated with better performance in spatial tasks (Kimura and Hampson 1994) , while moderate (Hampson 1995) or high (e.g., Hooven et al. 2004; Christiansen and Knussmann 1987) levels benefit men in these type of tasks. Women experience a sudden decrease in hormone levels during menopause, whereas in men, hormones decline gradually across adulthood. Specifically, testosterone decreases approximately 1 % per year after the age of 19 (Mooradian and Korenman 2006) . Therefore, if testosterone plays an important role in the performance of visuospatial tasks, it is possible that the sex differences that we observed in these types of tasks were significant after 41 years due to the dramatic changes in steroid hormone levels in women. This finding has not been confirmed in humans, but it has been reported in rats. A similar late-onset sex difference on spatial memory was observed at an age that coincided with the beginning of estrous cycle deficiencies in female rats (Markowska 1999) . Additionally, it has been well documented that steroid hormones act on brain regions that are relevant to memory, such as the basal forebrain and hippocampus (for reviews, see McEwen et al. 1997; Veiga et al. 2004 ).
Difficulty
The effects of aging on discrimination were also modulated by difficulty. In low-difficulty tasks (1-back) from both domains, working memory started to decline in the fourth decade for women and in the last decade (71 years old) for men, according to d-prime values. In contrast, when the task was highly demanding (2-back), working memory showed a significant decline in d-prime values at an age as early as 31 years, independent of the participants' sex. This early decline agrees with the results observed when working memory was examined via span tasks (Park et al. 2002) , indicating that span tasks and 2-back tasks have similar levels of difficulty. Because task difficulty is directly related to resource demands (Wickens 1991), both tasks appear to require an equivalent intensity of resource allocation to achieve an appropriate performance. These resources start to decrease early in the adult lifespan, according to the present study and the results reported by Park et al. (2002) .
Moreover, it was observed that men outperformed women from the second, fourth and fifth decades in 2-back tasks. Thus, young women from 21 to 30 years of age experience a disadvantage relative to men in high-difficulty tasks; this disadvantage reappears in the decades that correspond to the menopausal period. The significant differences in the high-difficulty tasks were observed even though women's discrimination level unexpectedly remained steady between 41 and 80 years of age, whereas men showed a decline. Although the effect size (η p 2 =0.01) of these sex differences was extremely low, it should be considered genuine evidence that women showed a disadvantage in high-difficulty tasks. This outcome further confirms the proposal that sex differences in working memory arise when the task requires active processing (Cattaneo et al. 2006; Vecchi and Girelli 1998) . Although these authors used different tasks than the ones used here, they also found that the demands of the task affect sex differences and not the specific domain. Therefore, this particular sex difference seems to be the consequence of the fact that women implement less efficient central executive processes or strategies when the task difficulty increases and not the result of ineffective processing mechanisms at the level of the slave systems.
As expected, d-prime values were superior in the 1-back task than in the 2-back task in both sexes across all decades. Moreover, the proportion of variance explained by age for discrimination in 2-back tasks (mean for both domains: R 2 =0.14) was twice that for 1-back tasks (mean for both domains: R 2 =0.07). This outcome could be interpreted as evidence that both the proportion of variance explained by age and the task difficulty increased monotonically in an equivalent way. However, it is also possible that this result could indicate that the 1-and 2-back tasks encompass different processes. According to Oberauer (2005) , the 1-back task can be accomplished through familiarity, while the 2-back task requires recollection. This proposal is based on the fact that in 1-back tasks, the last item encountered is the most active, and if the following item is identical, a familiarity criterion can be used to answer the task. Familiarity processes in working memory can be activated without the need to retrieve any additional information, such as the identity of the item or its temporal order. Conversely, the success in 2-back tasks necessarily entails processes such as the binding between the item and its temporal order, the control of the interference provoked by previous items, retrieval and monitoring. It is likely that only storage, the time information is maintained, and updating processes, which are more demanding as a function of task difficulty, are indubitably common to both the 1-and 2-back tasks.
The use of primary memory (i.e., the ability to consciously maintain information for a brief period of time) could also be sufficient to solve the 1-back tasks. Unsworth and Engle (2007) proposed that simple span tasks rely on primary memory, whereas complex span tasks depend mainly on secondary memory. Discrimination decreased as a function of age at a faster rate in the 2-back tasks than in the 1-back tasks. However, this differing effect of age on working memory performance at the two levels of difficulty is not sufficient to establish whether the memory processes underling the two levels of difficulty in the n-back are different, as has been shown for the scan tasks. Hale et al. (2011) reported a similar decrease in rate for simple and complex span tasks within the verbal and spatial domains, finding suggesting that even if the 1-back and simple span tasks rely on primary memory, the 2-back and complex span do not seem to depend on the same memory processes.
The observation of different anatomical networks that underlie the solution of the 1-and 2-back tasks could partially account for the proposal that the 1-back task can be solved by familiarity or primary memory instead of properly working memory. However, few fMRI studies (Carlson et al. 1998; Honey et al. 2002) have observed different anatomical networks for these two tasks. The most consistent finding has been that the activity from the dorsolateral prefrontal cortex increases as a function of memory load (Braver et al. 1997; Callicott et al. 1999; Veltman et al. 2003) , denoting that both tasks depend on the same functional mechanisms. Although automatic processes, such as familiarity or primary memory, might be sufficient to answer the 1-back task, the decision to employ them depends on each individual strategy, making them impossible to verify.
Discrimination
The effects of age on discrimination for each domain and level of difficulty were examined after separating the effects of the background variables and sex. The proportion of variance explained by age for d-prime values depends on the task difficulty rather than the domain because this proportion was almost identical in both domains for the same level of difficulty. Moreover, the slopes of the regression lines were identical in both domains in the high-and low-difficulty tasks. Furthermore, the rate of decline of the d-prime values per year was equivalent for both domains, either in the low-(−0.01) and high-(−0.02) difficulty tasks, according to the multiple regression models.
The effects of age on discrimination in the verbal 1-back task were best predicted by a linear model; however, in the rest of the tasks, the effects of age were best predicted by quadratic models. In the low-difficulty task in the visuospatial domain, the trajectory showed that working memory performance increased up to 18 years of age (an age not tested in the present data) and began to decrease thereafter. Quadratic models produced the best fits for discrimination in the visuospatial and verbal 2-back tasks. However, these quadratic models predict that verbal task performance will improve at 83 years of age and visuospatial task performance will improve at an age that is well beyond normal life expectancy. Therefore, for both the visuospatial and verbal 2-back tasks, there was a linear discrimination decline between 21 and 80 years of age, because in the age range tested in the present study, a continuous decline was observed.
Reaction times
The current study is the first lifespan study in which reaction times during working memory tasks have been measured. Thus, to date, only reaction time data from extreme age groups are available in the scientific literature. The longer reaction times observed for highdifficulty and visuospatial tasks across all decades mirrored the results obtained for d-prime values, indicating that reaction times directly reflect the processing time required for each type of task. Moreover, men were faster than women in all the tasks, denoting that even when discrimination levels are equivalent between sexes, men achieve this performance in shorter time. The majority of the studies (e.g., Schmidt et al. 2009; Goldstein et al. 2005; Speck et al. 2000) failed to find sex differences in working memory reaction times. However, in tasks from the visuospatial domain, there is some evidence that men are faster than women (Loring-Meier and Halpern 1999) . Although the women were less rapid than men in performing the tasks, the fact that women were not less efficient in all tasks indicates that slower reaction times did not negatively impact their working memory efficiency. Instead, this outcome reflects that women likely utilized different processing strategies, and/or they also spent time monitoring their response to ensure their accuracy.
Considering the effects of age on reaction times, both sexes showed the same pattern of decline across decades, characterized by a significantly rapid decline between the second and third decades in all tasks, and by a second significant decline in the fifth and sixth decades for 2-back and 1-back tasks, respectively. The effects of age on the reaction times measured in the four tasks were best predicted by quadratic models, characterized by an increase in reaction times as a function of age, followed by their decrease. For low-difficulty tasks, the moment at which the reaction times began to diminish was well beyond the years of life expectancy; however, for high-difficulty tasks, this moment occurred at 67 and 71 years of age for tasks from the visuospatial and verbal domain, respectively. Although there was an apparent reduction in reaction times after these ages, this reduction should be negligible, as the ANCOVA results indicated that reaction times remained stable in the last two examined decades.
In summary, the difficulty of the task and the domain independently influenced discrimination across the adult lifespan. However, considering the effects of aging on working memory performance, the difficulty of the task exerts a greater influence than its domain. Women in their third decade experienced their first significant decline in discrimination in both domains and in the high-difficulty tasks, whereas in the low-difficulty tasks, this decline occurred in their fourth decade. For men, discrimination decreased significantly in the third decade for the verbal and 2-back tasks, in the forth decade for the visuospatial tasks, and in the seventh decade for the 1-back tasks. Remarkably, the proportion of variance of working memory decline explained by age across the adult life span does not exceed 14 %; this proportion is half of that explained by age for other types of memory, such as episodic memory (Cansino et al. 2012) . This indicates that several other factors must be examined to further explain the changes that occur in working memory with advancing age.
